General quantitative methods of proteolytic enzymes :
One hundred pupae or adults obtained from each strain were weighed on a torsion balance and homogenized with 20 ml distilled water. They were centrifuged with a speed of 3000 rpm for 10 minutes.
After the floating debris of the supernatant was removed with a piece of cotton, the supernatant was used as a crude enzyme solution. To 2 ml of the enzyme solution, were added 2 ml of phosphate buffer solution adjusted to pH 6.8 in which 0.5 % casein (Merck Co.) was dissolved.
After incubating the solution at 25°C for 15 hours', 2 ml of 0.44 M trichloroacetic acid solution was added to it, and the sediment was removed by centrifugation after 2 hours.
Then, to 2 ml of the supernatant, were added 5 ml of 0.4 M Na2CO3 solution and 1 ml of Folin phenol reagent which was diluted to one-third with distilled water. After 1 hour, the blue color produced was estimated by a Hitachi electricphotometer with a filter of 660 mp.
The control experiment was performed by using a pH 6.8 buffer solution without casein.
By using a tyrosine solution (0-50 eg/ml), a standard curve was drawn under the same conditions as those used in the corresponding experiment, and the enzyme activity was expresesd as an amount of tyrosine.
Sometimes, as a simple procedure, an azocasein solution was used to check the result.
For comparison of inhibitor (s) of proteolytic enzymes of Drosophila, crystallized and lyophilized trypsin inhibitor (Sigma Chem. Co.) obtained from soybean was used.
Similarly, trypsin (Dif co Co.) was employed for the sake of comparison.
Electrophoretic methods :
Forty adult flies were homogenized with 0.03 ml distilled water and were absorbed on 1 mm x 12 mm piece of filter paper (Toyo filter paper No. 2) and the filter paper was placed on the original line of an agar-gel plate. When third instar larvae were used, twenty individuals were homogenized instead of forty, because of the strong activities of the proteolytic enzymes.
Components of the agar medium were as follows : Agar powders washed with distilled water, 0.7 g ; hydroxyethylcellulose, 0.2 g ; phosphate buffer solution (pH 6.8; ionic strength 0.025), 100 ml.
A photographic glass plate was used as support for the agar-gel medium. The agar layer was 0.7 mm in thickness.
The filter paper with sample was placed on the original line of a plate as described before, and after 30 minutes, removed. Then by means of filter papers, the plate was connected to the same phosphate buffer solution except the ionic strength was 0.05 in the electrode vessels (electric field, 1 mA/15 volts /cm for 80 minutes at 5°C).
Then, the plate was immersed in 1.3 °o casein solution dissolved in pH 6.8 phosphate buffer solution for 30 minutes, and incubated for 1518 hours at 37°C.
1) It was expected that such a long incubation as 15 hours might adversely affect the experimental results due to contamination by microorganisms contained in the Drosophila intestine or derived from other sources.
Consequently, penicillin or chloroform was added to the test solution. However, it was recognized that the addition of such antiseptics interfered with the Folin reaction. Since the final result was the same whether an antiseptic was added or not, the experiment was carried out without any preservative.
After the incubation, the plate was immersed in a solution mixed with T.C.A. 5 g, Ponceau 3R 0.6 g and distilled water 100 ml, for 30 minutes.
Then, the plate was immersed in 7 % acetic acid solution for the time necessary to discharge a surplus reddish color.
After drying the plate, a printing paper was put directly under the back surface of the plate to take a negative picture. By this procedure, proteolytic enzyme activity was revealed as black band against a nearly colorless background (Figures 2-~4) .
When trypsin inhibitor solution was used, it was sprayed on the plate before the 37°C incubation.
Two kinds of trypsin inhibitor solutions were used ; one was a 10 pg/ml solution of crystallized and lyophilized trypsin inhibitor obtained from soybean, and the other was a trypsin inhibitor or inhibitors obtained from adults of Drosophila, i. e., 1.5 g adult flies were homogenized with 6 ml phosphate buffer solution (pH 6.8) and heated for 5 minutes at 90°C.
This homogenate was centrifuged and the supernatant was used as inhibitors.
EXPERIMENTAL RESULTS AND DISCUSSION
1. Differences in proteolytic enzyme activity according to strain, sex, and developmental stage :
Enzyme activities in adult flies of Sp and Wp strains are shown in Table 1 .
As shown in this table, there are clear differences in enzyme activity between the two strains. Moreover, a distinct difference was observed between females and males in both strains.
Since the size of males is considerably smaller than that of females, it is necessarily expected that the enzyme activity of a male is less than that of a female. However, even in the case where the body weight was taken into consideration, there is still a distinct difference between the two sexes.
The reason will be discussed later. Variations of enzyme activities with developmental stage are shown in Tables 2 and  3 .
In this experiment, 20 larvae instead of 100 individuals were homogenized with 20 ml buffer solution inasmuch as the enzyme activity in larvae is very strong as compared with that in pupae or in adults.
As seen in Tables 2 and 3 , in both Sp and Wp strains, the proteolytic enzyme activity is the strongest in feeding larvae.
Then it decreases suddenly just after pupation and recovers to a certain level in the late pupal stage. The enzyme activity is still weak during the first day after emergence, but it gives a nearly constant value after the second day (2-~4 days). The tendency that the proteolytic enzyme activity varies according to the developmental stage, is coincident with that of amylase.
However, no marked difference in the proteolytic enzyme activity was observed in the larval stage of the two strains. Nearly the same results have recently been obtained by Waldner-Stiefelmeier and Chen (1967) .
Analyses of factors affecting proteolytic enzyme activities :
(a) Morphological differences in alimentary canals :
As described before, the proteolytic enzyme activities in Drosophila vary according to the strain, sex and also to developmental stage. Attempts were made to analyze the factors which affect these enzyme activities.
One factor was apparently the morphological differences in alimentary canals. When sizes of the alimentary canal (mainly mid-and hind-gut) in different stages of development were compared with one another under a dissecting microscope, it was easily recognized that the alimentary canal in the third instar larva was the largest, and it underwent extreme degeneration in the pupa.
Later it was partially reconstructed in the adult.
These phenomena were synchronized with the rise and fall of proteolytic enzyme activity.
Of interest was the fact that the alimentary canal in the adult female was about twice as large as that in the adult male (Figure 1 ). This may be due to the fact that the female needs a rich supply of nourishment to produce many eggs. The distinct discrepancy in the proteolytic enzyme activity between the two sexes may largely be accounted for by the morphological difference in the size of the alimentary canal.
Judging from the above-mentioned morphological difference in the sex and also in the developmental stage, it is conjectured that the difference in the enzyme activity between the Sp and Wp strains may also be due to some morphological difference in their alimentary canals.
So comparisons between the two strains were made under a dissecting microscope, but no marked morphological difference could be observed.
Thus, we were obliged to look elsewhere for the cause of the differences between the strains.
(b) Existence of a trypsin inhibitor in the body fluid :
The second factor affecting proteolytic enzyme activities is the presence of a strong trypsin inhibitor or other inhibitors of proteolytic enzymes in the body fluids of Drosophila.
This phenomenon was found by comparison of enzyme activities between the homogenate of the alimentary canal alone and that of the whole body. Table 4 presents the result of an experiment in which alimentary canals and whole bodies of 20 adult flies of the Sp strain were homogenized with 8 ml of buffer solution. Comparisons of proteolytic enzyme activities in alimentary canals and whole bodies of adults of the Sp strain (pg tyrosine/individual) As seen in this table, the enzyme activity of the alimentary canal alone is about 2~3 times stronger than that of the whole body.
As the result of various examinations, it was found that the phenomenon was due to the existence of a certain inhibitor or inhibitors of proteolytic enzymes present in the body fluid.
The presence of such an inhibitor in the housefly has already been suggested by Greeberg and Paretsky (1955) , but their suggestion has not attracted the attention of insect-physiologists. According to our preliminary experiments, the existence of such inhibitors is very common in insects, but the properties of such inhibitors seem to be somewhat different in different species of insects (Morita and Kikkawa 1961) .
As it was found that the inhibitor or inhibitors were rather heat stable, 100 individuals were homogenized with 10 ml of water and the solution heated for 5 minutes at 90°C.
After centrifuging, to 1 ml of the solution was added 1 ml of 5 pg/ml trypsin (Dif co Co.) solution and 2 ml of 0.5 % casein dissolved in phosphate buffer (pH 6.8).
After incubating this mixture for 15 hours at 25°C, the inhibition rate (%) was calculated as compared with the case where 1 ml of water was added in place of the homogenate that included the inhibitor.
The results are given in Table 5 .
As can be seen in this table, it is clear that at least some kind of trypsin inhibitor is contained in the body fluid of Drosophila.
This table shows further that no marked difference in inhibition rate is observed between the two strains at any developmental stage, although the inhibitor in the Wp strain seems to be slightly larger in amount than that in the Sp strain.
Thus, the amount of trypsin inhitor may also not be a principal cause of the difference in proteolytic enzyme activity between the two strains.
(c) Quantities and/or qualities of proteolytic enzymes : As pointed out by many investigators (Greenberg et al. 1955 , Waterhouse 1957 , Shulov et al. 1957 , Gilmour 1961 , Khan 1963 , Balakrishna et al. 1965 , House 1965 , there are several kinds of proteolytic enzymes in each species of insect. In Drosophila, too, the same result may be expected.
In fact, Waldner-Stiefelmeier and Chen (1967) have recently reported that at least three different proteolytic enzymes are present in D. melanogaster.
An evidence that this assumption is true was obtained by the following experiment. The crystallized and lyophilized trypsin inhibitor obtained from soybean could effectively (Table 7) .
These results seem to indicate that the quantity of proteolytic enzymes in the Sp strain may be larger than that in the Wp strain. A similar tendency was obtained when the inhibitor(s) obtained from Drosophila adults was used.
But, in this case all bands seem to be reduced to the same extent. Furthermore, when the proteolytic enzymes contained in the alimentary canal alone (mainly mid-and hind-gut) of adult flies were compared with those of whole bodies of the same number, all the proteolytic enzyme bands in the former are stronger than in the latter (Figure 4 ). These facts seem to indicate the presence of other inhibitors of proteolytic enzymes besides a trypsin inhibitor in Drosophila body fluids. But, this point is not yet firmly established. The patterns of proteolytic enzymes present in the larvae of the Sp and Wp strains were also examined. But no marked difference was observed between the two strains in homogenates of either whole bodies or of alimentary canals. However, in the larval stage, band No. 6 was very distinct as compared with that of the adult stage.
From these experimental results, it is assumed that strain-differences in proteolytic enzyme activity may not be due to the addition or lack of special proteolytic enzyme bands, but probably may be due to the regulation of the production or secretion of proteolytic enzymes.
In order to examine these points more minutely, electrophoretic methods using polyacrylamide gels are now being carried out.
CONCLUSION AND SUMMARY
As shown before, the majority of proteolytic enzymes in Drosophila are present in the alimentary canal.
Their activities show differences according to sex, developmental stage, and strain.
Factors affecting proteolytic enzyme activities were analyzed. The sexual difference may mainly be explained by morphological differences in the alimentary canals of the two sexes.
Differences in proteolytic enzyme activity according to developmental stage may also be accounted for by morphological differences in size. During the experiments, it was found that an inhibitor or inhibitors of proteolytic enzymes are present in the body fluid of Drosophila.
One of the inhibitors was apparently a trypsin inhibitor.
However, the differences in the proteolytic enzyme activity according to sex, developmental stage, and strain can hardly be explained by the amount of such an inhibitor or inhibitors. 
